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METHOD AND DEVICE FOR CONTROLLING A TURNING OPERATION 
Field of the Invention 



^"^X^The present invention relates to a method and a 

device for controlling a turning operation, more speci- 
fically a method, a device, a turning tool holder and 
5 a turning lathe for increasing the surface smoothness 
of a turned surface. 
Background Art 

When a workpiece is worked by means of a lathe, a 
certain degree of unevenness always arises in the turn- 
0 ed surface. The unevenness can be resembled to stripes 
or threads and arises owing to the cutting edge of the 
working tool having a limited nose radius. The tools 
are manufactured with a plurality of different standard 
radii. The radius of the cutting edge results, in combi- 
5 nation with the feeding, in a surface which is not quite 
smooth. A low feeding speed certainly gives a smoother 
surface but is irrational in industrial manufacture and 
therefore does not solve the problem. 



0 be gained if, in spite of a relatively high feeding 

speed, it would be possible to obtain a surface having 
such a high smoothness that the finishing which today is 
often necessary can be eliminated or, in any case, be 
significantly reduced. 

5 Summary of the Invention 

An object of the present invention is to provide 
a method and a device for increasing the surface smooth- 
ness in turning. 



0 according to claims 1 and 12, respectively. 
Brief Description of the Drawings 

The invention and further advantages thereof will 
now be described in more detail by way of embodiments 
with reference to the accompanying drawings, in which 




For reasons of rationality and expense, much would 



The object is achieved by a device and a method 
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Fig. 1 is a schematic perspective view of an embodi- 
ment of the inventive device; 

Fig. 2 is a schematic view of an embodiment of a 
tool holder according to the invention; and 
5 Fig. 3 is a schematic plan view of the device in 

Fig. 1. 

Description of an Embodiment 

Fig. 1 illustrates essentially an embodiment of 
the device and also of the tool holder according to 

10 the invention. Reference numeral 1 indicates a workpiece 
which is arranged in a lathe and rotates in the direction 
indicated by arrow PI. The workpiece 1 is worked by means 
of a tool 3, here referred to as insert, which is rigidly 
connected to a tool holder 5, here referred to as insert 

15 holder. The device comprises a control system with a con- 
trol unit 7 and two actuators 9, 11, one of which is 
indicated by dashed lines in Fig. 1 and both of which are 
shown in Fig. 2, which illustrates the actual tool holder 
5 in a different view. 

20 Each actuator 9, 11 comprises an active element 9, 

11, which here is a piezoceramic element. A piezocera- 
mic element can in turn be designed as a unit. or advan- 
tageously be made up as a so-called stack and/or of seve- 
ral partial elements. Thus the element can be a solid 

25 body or a plurality of individual, but composed and 

interacting bodies. The active elements 9, 11 are embed- 
ded in the body of the tool holder 5, which is also 
referred to as shaft. More specifically, they are fix- 
ed by casting. The casting is carried out by forming for 

30 each active element 9, 11 a recess in the body of the 

tool holder, whereupon the active element 9, 11 is placed 
therein and covered by casting. The active element 25, 27 
is glued preferably to the bottom surface of the recess. 
The active elements 9, 11 are embedded fairly close to 

35 the surface of the tool holder 5, i.e. close to its late- 
ral surfaces 5d, 5e. Moreover, the active elements 9, 11 
'are plate-shaped and are oppositely arranged in parallel. 
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The active elements 9, 11 are arranged on each side of 
the centre axis of the tool holder 5, said centre axis 
being designated I-I in Fig. 2. An active element 9, 11 
is characterised in that it changes dimension when an 
5 electric voltage is applied across the same. The dimen- 
sional change is related to the voltage. Moreover, the 
tool 3 is mounted on the upper side 5c of the holder 5. 

The control unit 7 is via a conduit 15 and a ter- 
minal 17 connected to the tool holder 5. Inside, i.e. 

10 embedded in, the tool holder 5 extend to/from the termi- 
nal 17 conductors 30-33 of the active elements, or the 
piezoceramic elements 9, 11, see Fig. 3. The piezoceramic 
elements 9, 11 are elongate in the longitudinal direction 
of the tool holder 5, and the conductors 30-33, which are 

15 connected in pairs to a piezoceramic element 9, 11 each, 
are connected to the front ends 11a, 9a and rear ends 
lib, 9b thereof. 

The device operates as follows. The tool 3 and the 
tool holder 5 are fed in the direction of arrow P2 at 

20 a certain feeding speed M. The workpiece rotates in the 
direction of arrow PI at a certain cutting speed. The 
combination of M>0, and the edge of the tool 3 having a 
radius causes remaining, helically extending ridges on 
the worked surface. More than anything, the ridges resem- 

25 ble stripes. The control unit 7 feeds control voltages to 
the actuators, more specifically to the piezoceramic ele- 
ments 9, 11. When voltage is applied to the piezoceramic 
elements 9, 11, they are thus extended to a greater or 
smaller degree depending on the amplitudes of the vol- 

30 tages. In other words, each piezoceramic element 9, 11 
obtains a dimensional change in its longitudinal direc- 
tion, which also is the longitudinal direction of the 
tool holder 5. The piezoceramic elements 9, 11 are pre- 
ferably embedded in the tool holder 5 so that their 

35 boundary surfaces abut directly against the material of 
the body of the tool holder 5. The piezoceramic elements 
9, 11 have opposite power-transmitting surfaces in the 
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form of their end faces at the ends 9a, 9b, 11a and lib. 
The end faces transfer the longitudinal changes of the 
piezoceramic elements 9, 11 in the body of the tool 
holder 5. Since the piezoceramic elements 9, 11 are 
5 spaced from the centre axis I-I of the tool holder 5, 
the longitudinal changes generate turning moments which 
in the illustrated arrangement of the piezoceramic ele- 
ments 9, 11 show themselves as bending. By the expression 
"spaced from the centre axis" is meant that the centre 
0 axes of the piezoceramic elements 9, 11 do not coincide 
with the centre axis of the tool holder 5. If the centre 
axes should coincide, no bending moment would be obtain- 
ed, but merely a pure longitudinal change of the tool 
holder 5. The same would apply if the two piezoceramic 
5 elements 9, 11 should be longitudinally changed concur- 
rently and to the same extent. The forces induced by 
means of the piezoceramic elements 9, 11 bend the front 
end 5a of the tool holder 5 in the lateral direction, 
from side to side, thanks to the control voltages to the 
0 respective piezoceramic elements 9, 11 being applied so 
that the piezoceramic elements 9, 11 are longitudinally 
changed in opposition to each other. Thus the tool holder 
5 is made to move in a vibrating manner alternat ingly in 
and against the direction of feed. 
5 The turning moments thus act about an axis which 

is perpendicular to the centre axis I-I and produce a 
vibrating motion in the lateral direction, as indicated 
by arrow P3 . By the lateral vibrations, the groove which 
the tool forms in the surface of the workpiece 1 is 
0 widened and the stripes are worked off. The appearance 
of the control voltages, however, is important to the 
result. In a preferred embodiment of the device, the con- 
trol unit 7 generates composite control voltages having a 
wide, noise-like frequency content. A factor in this con- 
15 text, however, is the feeding speed M which may vary 

quite considerably between different turning operations. 
The feeding speed is above all important to the amplitude 
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of the control voltages. A preferred embodiment of the 
inventive device therefore comprises a control unit which 
is adjustable in respect of the amplitude of the control 
voltages. As a result, different amplitudes can be gene- 

5 rated. 

Alternative Embodiments 

The above specification essentially constitutes a 
non-limiting example of how the device according to the 
invention can be designed. Many modifications are pos- 

0 sible within the scope of the invention as defined in 
the appended claims. Below follow some examples of such 
modifications . 

In an alternative embodiment, the control unit also 
comprises a means for adjusting the frequency content of 

5 the control voltages. 

In a further alternative embodiment, the control 
unit has preset values of frequency and amplitude of the 
control voltages. 

In one more alternative embodiment of the inventive 

0 device, the control unit 7 operates with fed-back con- 
trol, which means that it strives to set the amplitude 
of the vibrations at a suitable level by means of feed- 
back from sensors. The control unit 7 can be selected 
among many different types, such as analog fed-back con- 

5 trol unit, conventional PID regulator, adaptive regulator 
or some other suitable type of control unit. To achieve 
said fed-back control, the sensors 13, 15 are arranged in 
the tool holder 5 as illustrated in the Figures. The sen- 
sors 13, 15. are arranged in front of the actuators 9, 11. 

0 By "in front of" is meant closer to the end of the tool 
holder 5 where the tool 3 is mounted, said end being 
naturally considered the front end 5a of the tool holder 
5. The opposite end 5b thus is the rear end of the tool 
holder 5. The sensors 13, 15 consist of piezoelectric 

5 crystals which generate an electric voltage when subject- 
ed to forces. The sensors 13, 15 are preferably, like the 
actuators 9, 11, embedded in the body of the tool holder 
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5 and are electrically connected with the control unit 7 
via conductors which are connected in the same way as the 
conductors 30-33 of the actuators, but which for reasons 
of clarity are not shown. 
5 The sensors 13, 15 are subjected to alternating 

pulling and pressing forces. Each sensor 13, 15 then 
generates a sensor voltage which varies concurrently 
with the variations in force. The sensor voltages are 
detected and analysed by the control unit 7, which con- 
10 trols the actuators 9, 11 in accordance with the desired 
amplitude of the sensor voltages. The regulation which 
this involves is carried out by means of a control algo- 
rithm. A large number of known control algorithms are 
available . 

15 In one more alternative embodiment of the device 

according to the invention, the control unit takes 
the present feeding speed into consideration, i.e. the 
control unit has a means for indicating which feeding 
speed is appropriate for the turning operation which is 

20 to begin. In an NC-controlled lathe, the means can even 
automatically collect this information directly from the 
NC control system. 

A further possible modification is to change the 
number of actuators. In the simplest case, one actuator 

25 is arranged in the tool holder. To achieve a more symme- 
tric application of forces on the tool holder, it is how- 
ever advantageous to arrange at least the above-described 
pair of actuators in the described opposite arrangement. 
There is nothing to prevent that a larger number of 

30 actuators are arranged which are oppositely arranged in 
pairs in the tool holder. For practical reasons and in 
view of the production costs, it is however disadvanta- 
geous to embed a large number of actuators. 

The method of mounting the active elements may be 

35 varied. In addition to the above-mentioned way of mount- 
ing, they can be, for example, premounted in a mould in 
which the tool holder is cast. If they are fixed by cast- 



WO 00/25963 





PCT/SE99/01884 



7 



ing later, as has been described above, they can either 
be covered with the same material as that of which the 
tool holder is made or with some other convenient mate- 
rial. Moreover it is possible to use alternatives to the 
5 above-described, preferred mounting, where the elements 
are certainly glued to the base of the recess but two 
opposite power-transmitting surfaces essentially gene- 
rate the turning moments. Such an alternative means that 
the dimensional change is completely transferred via the 

10 glue joint, which in principle is possible with today's 
strongest adhesives. In that case, the abutment of the 
above-mentioned power-transmitting surfaces can be omit- 
ted, which reduces the claims for adaptation. Also other 
variants are contained within the scope of the invention. 

15 The active elements are in respect of form not bound 

to be rectangularly parallelepipedal and plate-shaped as 
the shown elements, but the form may vary* The plate 
shape, however, is advantageous since it contributes to 
minimising the volume of the element. Moreover, an elon- 

20 gate form is an excellent property which also contributes 
to imparting to the element a small volume. It is prefer- 
red that the dimensional changes occur in the longitudi- 
nal direction of the element. 



25 mounting than those described above are contained with- 
in the scope of the invention. However, embedded, active 
elements have obvious advantages. 



Basically, other types of actuators and ways of 



